To examine relationships between body mass index (BMI) and psychological correlates in Chinese school adolescents during the period of economic transition. DESIGN: Baseline data of 1655 Chinese adolescents aged 11-15 y were retrieved from a longitudinal smoking cessation and health promotion program in Wuhan, China. Assessments of body weight and height, depressive symptoms, perceived peer isolation (PPI) and perceived availability of social support (PASS) were collected. RESULTS: Based on the International Obesity Task Force (IOTF) age-and sex-specific BMI cutoffs, 12.5% of boys and 9.2% of girls were overweight. In girls, high BMI was significantly related to higher self-reported depressive symptoms, and was dominantly mediated by PPI. On the contrary, high BMI boys reported significantly lower levels of PPI although high PPI level aggravated depressive symptoms. For both girls and boys, the observed effect of PPI on the relationship between BMI and depressive symptoms was sustained only in low PASS boys and girls. CONCLUSIONS: The present study revealed different effects of PPI on the association of BMI and depressive symptoms between boys and girls, which were buffered by levels of PASS. The findings of this study may contribute to our understanding of the influences of psychological correlates in pediatric overweight in the Eastern cultural environment.
Introduction
Obesity has become a public health problem in developed countries as well as in some developing countries undergoing fast economic transition. 1 In Western society, being overweight has been associated with increased risk for low self-esteem and depression. [2] [3] [4] [5] [6] [7] [8] China is in the process of a sweeping economic transition. Modernization and industrialization have been implicated in current shifts in nutrition and dietary patterns, time allocation, and leisure time physical activity in Chinese populations. 9, 10 These remarkable shifts have been linked with an alarming increase in body mass index (BMI) and a greater risk of obesity in urban adolescents. [11] [12] [13] Similar to findings in Western society, emotional problems and low social cooperation skills have been found in overweight Chinese students. [14] [15] [16] Overweight adolescents may experience isolation and stigmatization from peers. [17] [18] [19] [20] [21] Overweight boys are at greater risk of being verbally teased and of physical aggression by peers, while relational victimization defined as 'purposefully excluding a peer from social activities or threatening to withdraw one's friendship' is more often reported by overweight girls. 22 Poor peer relationships have been related to a lack of perceived control, which in turn may aggravate the experience of depressive symptoms in overweight adolescents. 4, 23 In addition to peer influences, social support available from family and peers may influence overweight adolescent's ability to deal with negative emotional experiences. 17 Social network analyses have revealed that overweight adolescents are less central to their social networks and have fewer friendship ties than average weight adolescents. 17 This social marginalization may further reduce self-esteem and increase depressive symptoms among overweight adolescents. According to the buffering (moderating) model of social support on long-term physical health, 24 perception that others can and will provide necessary resources (perceived availability) may attenuate the harm that is caused by the stigma of obesity and/or bolster one's perceived ability to cope with this situation. The possible mediation and moderation effects of perceived peer isolation (PPI) and perceived availability of social support (PASS) on the relationship between obesity and depression has received little attention in the current literature. Investigation of these effects may help to develop a better understanding of the pathways that may activate detrimental psychological effects of obesity. Therefore, we studied the relationships between body mass index, depressive symptoms, (PPI), and availability of social support in a Chinese adolescent population. To our knowledge, our paper is the first to investigate mediation and moderation effects of (PPI) and availability of social support. Furthermore, findings of the present paper will enhance our understanding of the influences of psychological correlates of pediatric overweight in the Eastern cultural environment.
Methods
Sample Data for this study were derived from a longitudinal smoking prevention and health promotion program in Chinese adolescents in Wuhan, China. 25 Wuhan, as one of the biggest cities in China, is experiencing swift Westernization and therefore provides an ideal setting for the assessment of overweight status and its psychological consequences for school adolescents during the period of economic transition. The original main cohort at baseline in 1998 consisted of 7th grade students randomly selected from 22 middle schools in urban and rural Wuhan with four classes randomly selected from each school. Among the selected classes in each school, two classes were further randomly selected to compose a subcohort for measurement of body weight and height. A total of 2179 healthy Chinese adolescents aged from 11 to 15 y (12.9 y70.7) with complete weight and height measures were included in the current study. ) with good specificity and sensitivity. Relative BMI was then computed as the individual's BMI divided by the standard gender-age-specific BMI cutoffs from a reference population. This index has been suggested by the European Childhood Obesity Group to be suitable for numerical representations of individual for defining childhood obesity, 27 and has been used to study tracking in Chinese children and adolescents. 12 Taking into account of representativeness of the study population and real relations between BMI, age and maturation in Chinese children, we chose gender-age-specific BMI medians derived from the 1992 China National Nutrition Survey data (CNNS) as the standard BMI cutoffs to calculate relative BMI. 28 Depressive symptoms. A four-item short form of the Center for Epidemiological Studies Depression Scale (CES-D) was used to measure subjects' depressive symptoms. 29 This index has been previously validated in Chinese sample. 30 The four items were: (1) I felt depressed. (2) I felt lonely. (3) I felt sad. (4) I felt like crying out. Subjects were asked to rate the frequency of each symptom during the past week on a four-point Likert scale representing 'almost never', 'seldom', 'occasionally' and 'often'. The internal consistency as reflected by Cronbach coefficient alpha of these four items in the current sample was 0.80.
Perceived peer isolation. Subjects were asked if they had experienced the following four problems in the past 6 months: (1) being looked down upon by classmates, (2) being insulted or attacked by classmates, (3) being isolated by peers, (4) felt peers did not care about them. A 0-4 scale, representing 'Never experienced', 'Experienced but did not affect me at all', 'Experienced and affected a little bit', 'Experienced and moderately affected', and 'Experienced and greatly affected', was created for each item. Exploratory factor analysis showed that these four items had high factor loadings (0.68-0.79) with a single structure. This factor was labeled 'PPI'. The Cronbach coefficient alpha in the current sample was 0.72.
Perceived availability of social support. Three questions regarding PASS were asked: (1) when you are in need of help, whom can you count on? (2) when you feel pressured and
Effects of PPI on the association of BMI and depressive symptoms B Xie et al stressed, whom do you turn to for comfort? (3) who accepts you just as you are, with all your weaknesses and strengths? Subjects were asked to check all listed parents, relatives, friends and other people that applied to each question. The number of persons they checked was summed for each question. A score was calculated by summing the numbers for all three questions to represent the level of PASS for each subject. Subjects were stratified into high and low PASS groups through median split of the calculated scores.
Other measured variables included pubertal status and parental education levels. In our baseline questionnaire, pubertal status was assessed with the following questions: 'How old were you when you had your first period? (for girls)', and 'How old were you the first time that your Adam's apple got bigger, or that your voice changed, or that you had started to grow a beard (for boys)?'. Subjects who reported 'Hasn't happen yet' were defined as 'prepubertal', while subjects giving specific age were defined as 'pubertal'. Father and mother's education levels were obtained by collapsing the highest levels of education received by either of father or mother into three categories: below high school, high school and college.
Statistical analysis
Mean, standard deviation and percentage were used to reflect the general characteristics of the sample. As shown in Figure 1 , the conceptual model was hypothesized to test the unidirectional pathways of depressive symptoms, BMI and PPI, in which BMI was set to predict depressive symptoms and this relationship was mediated by PPI and moderated by level of PASS.
Four criteria have been suggested to evaluate the mediation effect. [31] [32] [33] [34] [35] [36] Criteria one, BMI must predict the mediator (PPI). Criteria two, the mediator (PPI) must predict the outcome (depression) when BMI was controlled. The mediation effect was calculated as the product of the two regression coefficients from BMI to depression in criteria one and from the mediator (PPI) to depression adjusting for BMI in criteria two, and reflected the intermediate pathways from BMI to mediator and in turn to depression. The regression coefficient relating BMI to depression adjusting for the mediator was expressed as direct effect. Criteria three, BMI must have a significant effect on depression, which was expressed as total effect. The total effect can also be obtained by summation of direct and mediation (indirect) effect. Criteria four, the mediation effect must be significant using the procedure outlined by Sobel. 37 In addition, a suppression effect may be indicated in a situation when the direct effect is larger than the total effect. 38 In this situation, the direct and indirect effects often have fairly similar magnitudes and opposite signs, which may entirely or partially cancel each other out and result in zero or a nonzero but nonsignificant total effect. 38 We utilized Structural Equation Modeling (SEM) to evaluate these four criteria simultaneously with controlling for the measurement errors of latent constructs. 39, 40 Preliminary confirmatory factor analysis revealed gender differences in the relationships of latent factors; therefore, a multiple-group approach of SEM was applied to compare the mediation pathways across gender and to test the moderation effect of PASS within boys and girls separately. 40 This type of analysis approach has become popular in recent years as emergence of a number of studies testing theoretical models with cross-sectional 41, 42 or longitudinal data. 23 Raw data, adjusted for the effects of age, pubertal status, and parental education attainment, were used to create the input data matrix for all models. 43 In our data, approximately 0.5-1.61% of subjects were missing at least one measure. The distribution of some observed variables were slightly nonnormal (eg relative BMI, kurtosis of 3.46 and skewness of 1.35). We chose to use an optimal missing data method based on case-wise maximum likelihood estimation followed by the Yuan-Bentler corrections for slight non-normality of some variables. 44, 45 The chi-square (w 2 ) test and comparative fit index (CFI) were used to evaluate the overall goodness-offit for the models. 46 Using the w 2 test, fit is usually considered acceptable at P40.05, which is taken to indicate that there is no significant difference between the model and underlying data. However, large sample sizes tend to inflate the power of w 2 test. As a result, the w 2 may still indicate poor fit with data even when the differences between data and the model are minimal. Therefore, a CFI of close to 1 was simultaneously considered during model evaluation. 46 
Results
General characteristics of the sample are summarized in Table 1 . The age range of the sample was 11-15 y. Parents' education was slightly higher for girls than for boys (Po0.02). Although there was no significant difference in BMI between girls and boys, the proportion of overweight boys was significantly higher than the proportion of Effects of PPI on the association of BMI and depressive symptoms B Xie et al overweight girls (12.5 vs 9.2%, w 2 ¼ 5.96, P ¼ 0.01). Girls were more likely to report symptoms of depression than boys, while boys reported having higher levels of PASS (Po0.01). The final SEM model on the relationships among BMI, PPI and depressive symptoms revealed a good fit with data (CFI ¼ 0.988). Detailed unstandardized parameter estimates of mediation test from the final models are presented in Table 2 . Four criteria of establishing mediation effect were evaluated. A significant mediation effect of PPI was obtained only for girls. For girls, BMI was significantly related to PPI, which in turn significantly predicted subject's depressive symptoms (Po0.05). The total effect of BMI on depressive symptoms (total effect ¼ 0.27) was significant (Po0.05). However, the direct effect of BMI on depressive symptom experience was no longer significant with the mediator in the model (direct effect ¼ 0.11, P40.05) suggested the observed mediation effect (mediation effect ¼ 0.16, Po0.05) was the dominant pathway. For boys, no such mediation effect of PPI was demonstrated. PPI significantly predicted depression, but BMI was not significantly associated with depressive symptoms.
We also applied the same approach to test the possible mediation effect of PASS, and did not find any significant results (data not shown). Then we moved on to explore the moderation effect of PASS using median split of PASS within girls and boys. The final SEM model fitted the data well (CFI ¼ 0.985 for girls and 0.983 for boys). Four criteria for mediation effects were evaluated and magnitudes of mediation pathways were compared between low and high PASS groups for girls and boys separately. Detailed unstandardized parameter estimates from the final SEM models for girls and boys with low and high PASS are presented in Table 3 . Among girls, only the model for low PASS subjects met all four criteria, which suggested PPI was a significant mediator for low PASS girls. The total effect from BMI to depressive symptoms was not significant for high PASS girls (total effect ¼ 0.21, P ¼ 0.09), although other three criteria were met. Comparison of the parameter estimates across PASS subgroups revealed that girls with high PASS showed a significantly lower impact of PPI on depressive symptoms than those with low PASS (0.27 vs 0.41, Po0.05).
Among boys, a significant suppression effect of PPI was observed in Low PASS group. That is, BMI had a significant negative relationship with PPI (À0.77, Po0.05), which in turn had a significant positive effect on depressive symptoms (0.15, Po0.05). The direct and mediation effects had almost similar magnitudes (direct effect ¼ 0.123; mediation effect ¼ À0.117) and opposite signs, which cancelled each other out and contributed to a close-to-zero, nonsignificant total effect (total effect ¼ 0.006, P40.05). The suppression effect was also reflected by a relatively higher direct effect than total effect of BMI on depressive symptoms (0.12 vs 0.006). No similar results were observed in high PASS boys. The pathway from BMI to PPI was significantly different between high PASS and low PASS boys (0.26 vs À0.77, Po0.05). Effects of PPI on the association of BMI and depressive symptoms B Xie et al
Discussion
Being overweight has been related to negative effects on mental health and psychological functioning in US children and adolescents 5, 8, 47, 48 and in Chinese adolescents. [14] [15] [16] 49 Although similar harmful effects of overweight in both genders were found in some studies, 5, 50 other studies suggested that this relationship was more pronounced in overweight females. 2, 3, 7, 8, 51 Substantial gender differences in the relationships between BMI, depressive symptom experience, PPI and PASS were found in the current study. In girls, higher BMI was significantly related to higher depressive symptoms, and this effect was dominantly mediated by PPI. That is, high BMI in girls was significantly associated with higher levels of PPI, which in turn was significantly related to increased depressive symptoms. This mediation effect held true among low PASS girls, but not among high PASS girls. Contrary to these findings in girls, high BMI boys reported significantly lower levels of PPI although high PPI level aggravated depressive symptoms. The opposing directions of the relationships in the mediation pathways cancelled each other out and resulted in a close-to-zero nonsignificant total effect between BMI and depressive symptom experience in boys.
A possible explanation for these gender differences may be that weight norms and body shape beliefs differ between boys and girls. 52 Standards of muscularity for boys and slimness for girls seem to play an important role for adolescents in setting their own body image standards. 53 Female adolescents may be more likely to care about their body image, 53 and some studies show that body dissatisfaction is more prevalent among girls. [54] [55] [56] A recent comparative study of eating disorders showed that a substantial proportion of female high school students in Hong Kong (74%), Shenzhen (61%), and rural area of Hunan (44.3%) desired a lower BMI. 57 In the present study, boys with high BMI experienced less depressive symptoms than did girls with high BMI. It is possible that the observed significant negative relationship between BMI and psychological factors is due to increased muscle rather than increased fat mass. As BMI cannot distinguish between increased muscle mass vs elevated body fat, future studies will need to conduct with accurate measures of body composition in order to separate the effects of muscle mass and body fat. Previous literature discussed influences of social situations including perception of the influence from peers, relatives, parents, media and other elements of the social environment, and how the perceived availability of support from others may ultimately affect adolescents' weight norm, emotional status, and weight-related behaviors. 19, 21 The importance that peers place upon weight and eating has been strongly related to weight concerns in school children and adolescents. 19 Overweight youth may be more likely to be teased about their weight by peers or family members, 21 and are more likely to be socially isolated. 17 Consistent with findings in Western society, 20, 23, 58 our study suggests that perceived peer relations play an important role in mediating the effect of high BMI on depressive symptom experience in Chinese adolescent girls. Our study also shows that the level of PASS significantly moderated the mediation and suppression effects of PPI. According to the stress-buffering mechanism of social support, 24 PASS may play a role at two different points in the causal chain linking stressful events (having high BMI relative to the reference population) to experiencing depressive symptoms. First, PASS may intervene between the potential stressful event (having high BMI) and a stress reaction (PPI) by attenuating or preventing a stress appraisal response. In other words, the perception that others can and will provide necessary resources of support may redefine potential depressive symptoms related to overweight, and bolster one's perceived ability to cope with any imposed stigma. Second, adequate support may intervene between the experience of stress (PPI) and the onset of depressive symptoms by reducing or eliminating the affective reaction or by directly dampening a physiologic process, for instance through suppression of neuroendocrine and hemodynamic responses. In our study, three items were used to assess all possible confidants (from parents, relatives, peers, or others) a person could perceive as being available and accepting or Effects of PPI on the association of BMI and depressive symptoms B Xie et al able to provide support when there was a need, or when stress or pressure was experienced. We classified this as a functional measure since the fact of having more confidants implies the availability of esteem and informational support, which would provide needed resources for those appraising stressful events (ie their body weight status and reactions from peers and others) and are likely to produce buffering effects. 59 In our study, the significant moderating role of PASS was found in the first chain for boys, and in the second chain for girls. That is, the intermediate pathway from BMI to PPI were significantly different across low and high PASS boys while the pathway from PPI to depressive symptoms in low PASS girls was significantly stronger than that in the high PASS girls. Previous studies suggested a mediation effect of availability of social support on both emotional and behavioral adjustment in adolescents. 60 We also tested the possible mediation effect of PASS on BMI and depressive symptom applying the similar approach. Our data did not support this hypothesis. The global nature of the measure of PASS in our study presents some limitations. Specific measures of social support oriented on body weight and related body image self-esteem would allow for a more straightforward exploration of this moderating effect. In addition, we simply counted the number of people whom adolescents may turn to for social support as the proxy measure for the PASS. This may not be as meaningful as the perceived quality of the support received. This measure may therefore overestimate social support availability in adolescents with large families. There are other limits we need to be aware of when we interpret our results. In order to keep the survey short, very few items representing each construct were retained. This might jeopardize the reliability of our psychological measures. Finally, the nature of cross-sectional study design is less effective for investigation of the direction of causal relationships.
To summarize, results from our study showed significant association between BMI and depressive symptoms and a mediation effect of PPI in girls. PASS moderated the observed mediation effect in girls. A suppression effect was observed in boys with low PASS. These results provide a first step in exploring the appropriateness and strength of the possible causal mediation and moderation model suggested here. Future studies with prospective study design are needed to verify our findings in Chinese populations.
